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ABSTRACT
The utilization of a seagrass system as a nursery ground by newly 
recruited Callinectes sapidus was investigated. The study areas, a bed 
of Zostera marina and Ruppia maritima and an adjacent unvegetated sandy 
area, were located at the mouth of the York River, Chesapeake Bay, 
Virginia. Sampling began in October 1980 with the appearance of a new 
cohort of _C. sapidus in the study area and continued into June 1981 
when that cohort could no longer be distinguished from cohorts of earlier 
years. During the study period xanthid crabs, Palaemonetes spp. and 
Crangon septemspinosa were also abundant in the study areas. The 
utilization of the seagrass bed as a refuge by each of these decapods 
was examined for comparison with CJ. sapidus. Abundance, biomass and 
secondary production of each taxon in each habitat (seagrass and sand) 
were used as measures of the relative utilization of the two habitats.
The seagrass bed was utilized as a refuge by all four decapods.
For each taxon the importance of the seagrass habitat as a refuge varied 
with season and/or stage in life history. Within the bed areas of most 
dense vegetation provided the greatest protection from predation. The 
sand habitat was not important in this respect.
Juvenile C. sapidus utilized the seagrass bed extensively during 
the fall and winter. Based on the recruitment pattern of C_. sapidus 
in the Chesapeake Bay, lower Bay seagrass beds are more important 
as nursery grounds for new recruits than are upper Bay beds.
viii
UTILIZATION OF A ZOSTERA MARINA AND RUPPIA MARITIMA HABITAT 
BY FOUR DECAPODS WITH EMPHASIS ON CALLINECTES SAPIDUS
INTRODUCTION
The blue crab, Callinectes sapidus, occurs along the Atlantic and 
Gulf Coasts of North America and the Atlantic Coast of South America. 
One of the largest populations is found in the Chesapeake Bay. As a 
species of ecological and commercial importance, C^ . sapidus has been 
the subject of extensive life history studies. However, due to a 
rather complex life history, little is yet known about the ecology of 
the blue crab.
The species utilizes different habitats, both estuarine and 
offshore (continental shelf), at different stages in its life history. 
Habitat conditions encountered at each stage can influence its 
population dynamics (Pearson 1948, Sulkin 1981). Spawning and larval 
development occur in the high salinity waters at the mouth of the 
Chesapeake Bay and offshore (Van Engel 1958, Sandifer 1973, 1975,
Smyth 1980). During the fall of each year, a new cohort of blue crabs 
migrates from the Atlantic Ocean and lower Bay toward the shallow, 
lower salinity areas of the Bay and its tributaries where most feeding 
and growth take place. After reaching maturity, male blue crabs 
remain in the fresher reaches of the Bay while mated females return to 
the higher salinities of the lower Bay to spawn.
In general juvenile blue crabs are more abundant in shallow water 
habitats while adults are more abundant in deeper water. Tagatz
2
3(1968) reported that blue crabs less than 40 mm in carapace width were 
most common in the shallow areas of the St. Johns River, Florida, and 
crabs greater than 40 mm carapace width were more common in deeper 
water. In studies from North Carolina and Louisiana, juveniles and 
adults were both found in relatively shallow water during the warm 
months. However, juveniles greatly outnumbered adults on the 
intertidal flats of North Carolina (Peterson and Peterson 1979). In 
Lake Pontchartrain, Louisiana, juveniles were most abundant in the 
shallowest areas (less than 4 feet deep) while adults were most 
abundant in waters greater than 6 feet deep (Darnell 1959).
The availability of suitable habitat for juveniles has been 
suggested as an important factor controlling the size of blue crab 
populations. In Mississippi Sound, juvenile blue crabs were most 
abundant near marshes offering food and protection (Perry 1975). In a 
Florida estuary, where blue crabs were much less numerous than 
expected, Odum and Heald (1972) suggested that the scarcity of marshes 
and the virtual disappearance of shallow water habitats during the dry 
season contributed to the low numbers.
The importance to juvenile blue crabs of one type of shallow 
water habitat, submerged aquatic vegetation, has been mentioned in the 
literature for years (Verrill 1873, Summer et al. 1913, Truitt 1939). 
Pearson (1948) observed young crabs congregating in large numbers on 
the broad, vegetated, flats around Smith and Tangier Islands in the 
Chesapeake Bay throughout the summer for molting. In the St. Johns 
River, Florida, Tagatz (1968) indicated that crabs less than 40 mm
4wide preferred shallow bottoms that were covered with dead plant 
material or dense growths of coontail (C e r a t o p h y H u m ) and wild celery 
(Vallisneria) .
It is well documented that seagrass beds function as nursery 
areas for many other commercially important decapods, especially 
penaeid shrimps which have life history patterns similar to C^ . sapidus 
(Loesch 1965, Adams 1976, Young 1978). Some evidence from a study of 
invertebrate secondary production in Virginia indicates that seagrass 
beds may serve as winter nursery grounds for juvenile blue crabs in 
the lower Chesapeake Bay. During the fall C^ . sapidu? recruits 
appeared in the study site, a seagrass bed on the Eastern Shore of the 
Chesapeake Bay. Crabs of previous cohorts left the grassbed in the 
late fall, but large numbers of crabs from the youngest cohort 
remained in the grassbed through the winter (Diaz and Fredette 1981). 
The present study was undertaken to investigate aspects of the 
utilization of shallow water habitats by Callinectes sapidus in the 
lower Chesapeake Bay. Emphasis was placed on seagrass beds and their 
role as an important winter habitat for newly recruited crabs.
In the Chesapeake Bay the abundance of submerged aquatic 
vegetation has declined since the early 1970's, but extensive shallow 
areas of vegetation still remain. Since 1978 the abundance of 
submerged vegetation in the Bay appears to have stabilized and even 
increased slightly in some areas. In the lower Bay, below Smith 
Island and the Potomac River, there are presently about 8400 hectares 
(18480 acres) of vegetated bottom (Orth and Moore 1981). Since the
5new cohort of crabs which appears each fall must overwinter in 
Virginia waters (Van Engel 1958), it was expected that these lower 
Chesapeake Bay seagrass beds could be especially important to juvenile 
blue crabs.
This study was designed to investigate the relative value of a 
seagrass bed and adjacent unvegetated sandy area as winter nursery 
grounds for Callinectes sapidus in the lower Bay. Sampling began 
during the appearance of a new cohort of C_. sapidus in fall 1980 and 
continued until that 1980 cohort could no longer be distinguished from 
cohorts of earlier years. Abundance, biomass, and secondary 
production of C. sapidus in each habitat were chosen as measures to 
compare the relative utilization of the habitats.
Callinectes sapidus, xanthid crabs, Palaemonetes spp., and 
Crangon septemspinosa accounted for 94% of the decapods present in 
lower Chesapeake Bay seagrass beds during the warmer months (Heck and 
Orth 1980a). All these important decapods were studied in order to 
place C^ . sapidus into perspective in relation to other decapods 
utilizing the seagrass system.
METHODS
Sampling Procedures and Study Site Description
The study site, a bed of Zostera marina and Ruppia maritima with 
an adjacent sandy bottom, is located in Guinea Marsh at the mouth of 
the York River, Virginia (Fig. 1). The Guinea Marsh seagrass bed is 
an extensive shallow area with 309 hectares of vegetated bottom (Orth
et a l . 1981). _Z. marina dominates the cover, but 8.. maritima is found
/
throughout the nearshore areas. Three stations along a seagrass 
transect and three stations along a sand transect were sampled eleven 
times from October 1980 through June 1981. The transects were 
perpendicular to the marsh shoreline with the stations chosen along a 
depth gradient (Fig. 2). The three stations along the grass transect 
were designated GS (Grass Shallow, average depth at MLW 0.1 m ) , GM 
(Grass Mid-depth, average depth at MLW 0.3 m) and GD (Grass Deep, 
average depth at MLW 0.6 m ) . Along the sand transect the stations 
were SS (Sand Shallow, average depth at MLW 0.1 m ) , SM (Sand 
Mid-depth, average depth at MLW 0.3 m) and SD (Sand Deep, average 
depth at MLW 0.6 m ) .
Seagrass biomass samples were collected in conjunction with the 
February and March samples. At each grassbed station five replicates 
were randomly taken using a 0.031 m^ plexiglass core and were then 
held in river water to be processed live in the laboratory. Samples
6
7Figure 1. Location of study sites in the York River, 
Chesapeake Bay, Virginia.
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8Figure 2 Sampling locations in the Guinea Marsh seagrass bed 
with distribution and abundance of submerged aquatic 
vegetation indicated. (After Orth et al. 1982).
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9were sorted by species, Zostera marina and Ruppia maritima, and number 
of shoots of each species was counted. The live material of each 
species was separated into shoot and root/rhizome portions and dried 
at 55-60°C for 48 hours. Dried samples were weighed to the nearest 
0.01 mg.
Vegetation was even at stations GS and GM and patchy at station 
GD. In October 1980 it was estimated that vegetation covered 50% of 
the area at station GD in patches of approximately 1 m ^ . By June 1981 
cover at station GD had increased to about 70% of the area. The 
seagrass at stations GS and GM was heavily grazed by brant during the 
early part of the winter, but had partially recovered by March. March 
1981 biomass data were used to characterize the seagrass stations 
(Table 1).
In general, the seagrass biomass in the Guinea Marsh bed is 
lowest in the winter (January-March) and peaks in the early summer 
(June-July). Seagrass density, however, is highest in the winter as 
many new, small shoots appear and begins to decrease in early summer 
(Orth et a l . 1981). In March 1981, Z. marina accounted for 65-100% of 
the above-ground biomass along the grass transect. EL maritima, found 
at stations GS and GM, contributed 33-35% of the above-ground biomass, 
but 55-67% of the shoot density.
The sediments in the seagrass bed ranged from sandy mud along the 
marsh shoreline at station GS through muddy sand at station GM to fine 
sand at station G D . In the sand study area the sediments were 
observed to be fairly uniform among the stations. They consisted
10
TABLE 1. Descriptions of Grassbed Stations, March 1981
STATION GS
Average depth at MLW 
Sediment type 
Grass cover 
Grass density 
Total
Zostera marina
7/o
Ruppia maritima 
Composition by above-ground biomass 
Zostera marina 
Ruppia maritima
0.1 m 
Sandy mud 
Even
1091 shoots/m2 
364 shoots/m2 
727 shoots/m2
(33%)
(67%)
65% (1.48 g/m2)
35% (0.79 g/m2)
STATION GM
Average depth at MLW 
Sediment type 
Grass cover 
Grass density 
Total
Zostera marina 
Ruppia maritima 
% Composition by above-ground biomass 
Zostera marina 
Ruppia maritima
0.3 m
Muddy sand 
Even
2176 shoots/m^ 
982 shoots/m2 
1194 shoots/m2
(45%)
(55%)
67% (13.68 g/m2)
33% (6.78 g/m2)
STATION GD
Average depth at MLW 
Sediment type 
Grass cover 
Grass density 
Total
Zostera marina 
Ruppia maritima 
% Composition by above-ground biomass 
Zostera marina 
Ruppia maritima
0.6 m  
Fine sand 
Patchy
764 shoots/m2 
764 shoots/m2 
0
(100%)
100% (16.09 g/m2)
0%
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mostly of medium to fine sand with an underlying grey sandy clay 
layer.
The sand area was divided by two long, narrow bars of sparse 
seagrass (mixed Z. marina and R_. maritima), running parallel to shore. 
In October 1980, vegetation covered approximately 5% of the total 
area. By June 1981, it had increased to about 20% of the sand study 
area.
Two week sampling intervals were planned during the fall, spring 
and early summer. Monthly samples were planned during the winter.
i
Season was defined on the basis of water temperature: fall 
(31 Oct.-9 Dec. 1980) mean water temperature 11°C, range 8-15°C; 
winter (22 Jan.-25 March 1981) mean water temperature 7°C, range 
2-10°C; spring (11 April-28 April), mean water temperature 17°C, range 
15-21°C; early summer (25 May-10 June), mean water temperature 26°C, 
range 25-28°C).
Three replicate samples were taken for decapods at each station.
A sample was collected by dropping a fiberglass frame, 110 cm in 
diameter (0.95 m^) and 30 cm high with a drawstring top of 0.5 mm 
mesh, over an undisturbed area. At the deepest grassbed station (GD), 
vegetation cover was patchy. The sandy areas were avoided and the 
frame was dropped only over large grass patches. The entire area 
enclosed by the frame was then sampled using a suction dredge (Fig. 3) 
and the resulting material was collected in a 1 mm x 1.5 mm mesh bag. 
The sample was transferred to a muslin bag and stored in 10% buffered 
formalin until processed in the lab. Water temperature, water depth,
12
Figure 3. Diagram of the suction dredge.
X
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time, and qualitative observations on sediment type and percent 
vegetation cover were recorded as each station was sampled.
In the laboratory, Calinectes sapidus, xanthid crabs,
Palaemonetes spp. and Crangon septemspinosa were sorted from the 
samples and counted. All xanthid crabs in samples from November 
through June and Palaemonetes spp. in selected replicates from the 
same period were identified to species when possible. Sex was 
recorded for _C. sapidus when it could be determined. Carapace width 
for C_. sapidus and xanthid crabs and carapace length for Palaemonetes 
spp. and C_. septemspinosa were measured to the nearest 0.01 mm for 
each individual collected (Fig. 4). Individuals in each of these four 
taxa were combined into size classes in 1 mm increments and were dried 
at 55° to 6 0 °C for 48 hours. Each size class was weighed to the 
nearest 0.01 mg. Mean individual weights rather than actual 
individual weights were determined to minimize the effects of lost 
limbs.
Callinectes sapidus in deeper water was sampled in February and 
April. A transect from the mouth of the Perrin River to the York 
River channel (Fig. 1) was sampled at water depths of 10, 20 and 40 
feet. In February an oyster dredge with a bag liner of 4 mm mesh was 
used and five tows 100' to 250' in length were made at each depth. A 
small biological trawl with a 4 mm mesh bag was used in April and 
three 5-minute tows were made at each depth. Number, carapace width 
to the nearest millimeter (Fig. 4) and sex of all C^. sapidus were 
recorded. Presence and relative abundance of xanthid crabs,
14
Figure 4. Procedures for measuring individuals of each taxon.
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Palaemonetes spp. and Crangon septemspinosa were noted for each tow. 
Qualitative observations on sediment type were recorded.
Data Analysis
Analyses were performed on the taxa Callinectes sapidus, xanthid 
crabs, Palaemonetes spp. and Crangon septemspinosa. The abundances of 
a taxon in the grassbed and in the sand area over the entire study 
period were compared graphically and with Wilcoxon's Signed-Ranks Test 
(Sokal and Rohlf 1981). Differences in a taxon's abundance between 
stations within the grassbed were first analyzed over the entire 
sampling period with Wilcoxon's Signed-Ranks Test and were then 
analyzed over shorter time intervals with the Wilcoxon Two-Sample Test 
(Sokal and Rohlf 1981).
The size-frequency distribution of each taxon was graphed for 
each sampling period. The collections of Callinectes sapidus were 
separated into those crabs recruited in 1980 and all others using 
size-frequency distributions and the following equation:
In CW2 « 0.96 In C^i + 0.32 (n = 74, r 2 « 0.97),
where CWj^  = carapace width (mm) before molting and CW2 = carapace 
width (mm) after molting. The equation was derived in preliminary lab 
studies in order to predict the size a juvenile C^ . sapidus would reach 
after a molt. Unless otherwise stated all further analyses involving
C. sapidus were done using only data on juveniles recruited in 1980. 
Skewness was calculated for the size-frequency distributions for each
16
sample date (Nie et a l . 1970). Departure from normality due to 
skewness was tested by Fisher's statistic (Bliss 1967).
Within each taxon one way analysis of variance (fixed effects 
model) (Nie et a l . 1970) was used to test for differences between the 
mean size of individuals collected at the three grassbed stations on a 
sampling date. Natural logarithmic transformations of length were 
used to achieve homogeneity among variances. If, on more than two 
dates, significant differences ( a =  0.05) in the mean sizes of 
individuals between stations were found, Duncan's Multiple Range Test 
(Nie et a l . 1970) was used to further analyze those differences.
Means and 95% confidence limits computed in natural logarithmic scale 
were retransformed to linear scale.
Seasonal and overall length-weight regressions were determined 
for each taxon. Measurements on all Callinectes sapidus collected 
during the study were used in these calculations. In addition, 
length-weight regressions were calculated by sex for all C^ . sapidus 
collected from January to June. Regressions were determined for 
non-ovigerous and ovigerous individuals of Palaemonetes spp. and 
Crangon septemspinosa. Natural logarithmic transformations of length 
and weight were used in order to obtain linear functions.
The biomass (B) of a taxon (g dry weight/10 m ^ ) on each sampling 
date was calculated for the seagrass bed overall, for each station in 
the seagrass bed, and for the sand area overall. Biomass was 
calculated for all Callinectes sapidus collected as well as for 
juvenile C_. sapidus.
17
Production of each taxon in the seagrass bed, at each station in 
the seagrass bed, and in the sand area over the duration of the study 
was determined by the size-frequency method (Hamilton 1969, Waters and 
Crawford 1973, Waters and Hokenstrom 1980). To estimate cohort 
production these values were multiplied by 365/CPI, where CPI is the 
cohort production interval or maturation time (Benke 1979).
Production of Callinectes sapidus was also calculated with the 
instanteous growth method (Waters 1977). A  second estimate of the 
production of Crangon septemspinosa was obtained using the 
removal-summation method (Waters and Crawford 1973).
Both biomass and secondary production were calculated using dry 
weights. These values may be converted to ash free dry weights using 
the conversion factors given for each taxon in Appendix II.
RESULTS
Callinectes sapidus
Callinectes sapidus was more abundant in the seagrass bed than in 
the sand area (Fig. 5A) (Wilcoxon's Signed-Ranks Test, ot = 0.005).
The numbers of individuals in the grassbed decreased from a high of 
307 per 10 m^ in the fall to 35 per 10 m^ by early summer. Blue crabs 
were always more abundant in the grassbed than in the sand area (less 
than 10 individuals per 10 m^ on each sample date).1
Within the seagrass bed Callinectes sapidus was not evenly 
distributed among the stations (Fig. 5B ) . The results of Wilcoxon's 
Signed-Ranks Test (Table 2) show that the abundance of C^ sapidus was 
significantly greater at station GM than at station GD over the entire 
study period. Analysis of seasonal distribution patterns (Wilcoxon 
Two Sample Test) (Table 2) indicates that these differences in JC. 
sapidus densities between stations GM and GD existed through the fall 
and winter. No significant differences were seen in spring and early 
summer. Abundances at station GM did not differ significantly from 
those at station GS through the fall and winter, but did differ 
significantly in the spring and early summer and over the study period 
as a whole. JC. sapidus abundances at station GS were significantly 
different from those at station GD during the fall and winter, but
18
Figure 5. Callinectes sapidus. Fluctuations in abundance 
during the study period.
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were not significantly different through spring and early summer or 
over the study period as a whole.
The data on blue crab abundances in deeper water (Table 3) can 
only be considered qualitatively since two types of gear were used, 
both of which were different from that used in the grassbed and sand 
area. One juvenile crab (< 20 mm carapace width) was collected in 
February. Most individuals collected over the two dates were of adult 
size (> 100 mm carapace width).
Juvenile . sapidus, the 1980 recruits, were defined as those 
individuals of carpace widths
_< 20 mm from October 1980 through March 1981,
23 mm by 11 April,
j< 28 mm by 28 A p r i l ,
<_ 41 mm by 26 May,
and j< 48 mm by 10 June 1981 (Fig. 6).
Juveniles comprised 92-100% of the crabs collected (Fig. 7). On each 
date, skewness, g ^ , was calculated first for the entire distribution 
and then for the juvenile portion. In all cases, gj was not 
significantly different from zero ( a = 0.05), the expected value for a 
normal distribution.
Significant differences ( a =  0.05) in the mean size of juveniles 
between stations in the seagrass bed were found on eight of the eleven 
sample dates (Table 4). In each case where the analysis of variance 
was significant, the criteria of normality and homogeneity of 
variances were met. Based on the ANOVA results and, where applicable,
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Figure 6. Callinectes sapidus. Size-frequency distributions for 
each sample date with 1980 cohort indicated.
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Figure 7. Callinectes sapidus. Seasonal trends in mean and 
median carapace width.
A. Entire sample population.
B. Juveniles only.
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TABLE 4. Callinectes sapidus (1980 Cohort): 
Distribution by Size Within the 
Grassbed. Results of Analyses 
of Variance and Duncan’s 
Multiple Range Test, a=0.05.
Mean
Carapace 99% Confidence 
Date Station n Width (mm)  Limits  ANOVA Station Groups
10/31/80 GS 50 8.7 7.8 to 9.7 GS
GM 107 9.3 8.8 to 9.9 NS GM
GD 12 11.0 8.3 to 14.6 GD
11/8/80 GS 79 6.4 5.9 to 6.9 * GS
GM 93 10.5 9.8 to 11.3 GM
GD NOT !SAMPLED
11/22/80 GS 43 7.4 6.7 to 8.2 GS
GM 42 10.6 9.7 to 11.6 * GM
GD 21 10.7 9.5 to 12.1 GD
12/9/80 GS 107 6.3 5.8 to 6.7 GS
GM 99 7.6 7.2 to 8.1 * GM
GD 17 9.9 8.2 to 11.9 GD
1/22/81 GS 39 6.9 6.3 to 7.5 GS
GM 45 7.2 6.6 to 7.9 * GM
GD 20 9.2 8.2 to 10.2 GD
2/18/81 GS 25 8.4 7.6 to 9.4 GS
GM 38 7.7 6.9 to 8.6 * GM
GD 29 11.2 10.1 to 12.4 GD
3/25/81 GS 30 8.1 7.4 to 8.8 GS
GM 52 7.9 7.2 to 8.6 NS GM
GD NOT !SAMPLED
4/11/81 GS 10 11.7 10.0 to 13.8 GS
GM 28 11.3 10.2 to 12.4 NS GM
GD 5 13.6 10.5 to 17.5 GD
4/28/81 GS 14 12.1 10.1 to 14.6 GS
GM 41 11.8 10.7 to 13.0 * GM
GD 17 15.1 13.4 to 17.0 GD
5/26/81 GS 5 17.9 9.3 to 34.4 GS
GM 18 11.3 9.6 to 13.2 it GM
GD 10 20.3 15.2 to 27.3 GD
26
TABLE 4 (concluded)
Date Station n
Mean 
Carapace 
Width (mm)
99% Confidence
Limits ANOVA Station
6/10/81 GS 4 14.8 7.5 to 29.4 GS
GM 13 14.2 10.7 to 18.7 * GM
GD 11 29.4 22.3 to 38.8 GD
27
the results of Duncan's Multiple Range Test, seasonal trends in the 
size of juvenile blue crabs as distributed among the grassbed stations 
were identified (Fig. 8). In the fall, on the average, juveniles were 
smallest at station GS and largest at station GD. At station GM, the 
mean size of juveniles tended to decrease through the fall. During 
the winter, juveniles at stations GS and GM were significantly smaller 
than those at station G D . This pattern continued into the spring.
Length-weight regressions determined for Callinectes sapidus by 
season (fall, winter, spring, early summer and overall) were found not 
to be significantly different from each other (Table 5). Regressions 
determined by sex (female, male, and both sexes combined) were also 
not significantly different. For use in production calculations, the 
overall length-weight regression was chosen:
In weight(mg) = 2.77 In length(mm) - 2.94 (n = 658, r^ = 0.95).
The mean density of C^ . sapidus was 71.5 individuals per 10 m^ and 
the mean biomass was 7.41 g per 10 m^ over the total study area 
(seagrass bed and sand area combined) for the entire sampling period. 
Juveniles from both areas accounted for 95% of all individuals and 54% 
of the biomass. In the grassbed the mean C^ . sapidus density was 128.9 
individuals per 10 m^ and the mean biomass was 11.97 g per 10 m^ for 
the entire sampling period. Juveniles accounted for 99% of all
I
individuals in the grassbed and 58% of the biomass.
From October to May (207 days, the sand area was not sampled in 
June) secondary production of C_. sapidus juveniles was two orders of
Figure 8. Callinectes sapidus. Seasonal trends in the size 
juveniles at each station within the seagrass bed.
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TABLE 5. Length-Weight Regressions for Callinectes sapidus
In weight (mg) = m
Sample Dates 
Included n
Fall Oct-Dec 303
Winter J an-Mar 184
Spring April 106
Early Summer May, June 65
Overall Oct-June 658
Female Jan-June 242
Male Jan-June 192
Combined Jan-June 434
In length (mm) +  b
m b r2 ANCOVA
2.71 -2.77 0,,93-»
2.93 -3.32 0.95
N.S.
2.78 -2.99 0.92 a=0.05
2.78 -2.94 0.97
2.77 -2.94 0 . 9 5 -
2.92
oCO•CO1 0.97
N.S.
2.78 -3.03 0.95 a=0.05
2.88 -3.23 0.97 _
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magnitude greater in the seagrass bed than in the sand area (size- 
frequency method) (Table 6). For the entire sampling period 
(222 days) production by juveniles over the seagrass area was 
37.5 g*10 nf‘2.222 days” l, but, this production was not evenly 
distributed among the three grass stations. Production was highest at 
station GM. At both stations GS and GD it was lower than the overall 
value. Production at GD was lowest even though juvenile biomass was 
the greatest (Table 6).
Production by C^ . sapidus juveniles in the seagrass bed was also 
not constant over time. During the fall and winter (October-March), 
with no growth of individuals, mean juvenile biomass decreased as a 
result of decreasing numbers (Fig. 9). In the spring and early summer 
(March-June) growth of juveniles resulted in increasing biomass 
although numbers of individuals continued to decline. Production by 
juveniles during the fall and winter was slightly negative, 
essentially zero. Therefore, production (instantaneous growth method) 
during the period of growth (March-June) accounted for 105%
(24.4 g*10 m “2*77 days” *) of the production over the entire study 
period (23.3 g*10 m~^'222 days” -^) (Table 6).
Xanthidae
Neopanope sayi was the most abundant of the xanthid crabs 
collected. Panopeus herbstii was common, occurring on most of the 
sample dates, but numbers were never greater than two or three 
individuals per date. Five individuals of Eurypanopeus depressus were 
collected during the entire study. Most individuals were missing
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Figure 9 Callinectes sapidus. Seasonal trends in mean density, 
mean biomass and mean individual weight of juveniles 
in the seagrass bed.
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chelae and those smaller than 5 mm carapace width often could not be 
identified to species so no attempt was made to segregate the species 
in the data analyses.
Over the entire study period the abundance of xanthid crabs was 
significantly greater in the seagrass bed than in the sand area 
(Wilcoxon's Signed-Ranks Test, a = 0.005) (Fig. 10A). Xanthids were 
collected in the sand area only on three of the ten sampling dates.
On each of these dates they were found at only one of the sand 
stations in samples containing small amounts of seagrass.
Within the seagrass bed xanthids were not evenly distributed 
among the stations (Fig. 10B). The peak in abundance in March was 
seen only at station GM. The results of the Wilcoxon's Signed-Ranks 
Test (Table 2) show that over the entire sampling period the abundance 
of xanthids at station GM was significantly different from abundances 
at station GS and at station G D . Abundances at station GM were always 
greater than abundances at station GS, but were only significantly 
different through the winter, spring and early summer (Table 2). 
Abundances at station GM were greater than abundances at station GD on 
every sample date except May and June, but were significantly 
different only in the fall. Xanthid abundances were not significantly 
different between stations GS and GD over the entire sampling period 
or during either of the shorter time intervals.
During the fall and winter, the mode for each size-frequency 
distribution was 4 mm and the relative distribution of individuals 
among the size classes did not vary greatly (Fig. 11). Mean and
34
Figure 10. Xanthidae. Fluctuations in abundance during 
the study period.
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Figure 11. Xanthidae. Size-frequency distributions for 
each sample date.
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median carapace widths remained relatively constant during this period 
and began to increase in the spring and early summer (Fig. 12). These 
observed differences in mean size over time were highly significant 
(one-way analysis of variance, a < 0.000). Using Duncan's Multiple 
Range Test ( a = 0.05), the mean sizes of xanthids during the winter 
(October-March) grouped together as different from those in the spring 
and early summer (April-June).
Significant differences (one-way ANOVA, a = 0.05) in the mean 
size of xanthids between stations in the seagrass bed were found on 
only two of the eleven sample dates, 31 October 1980 and 22 November 
1980. These results indicate that size was probably not a major 
factor determining xanthid distribution within the grassbed.
There were significant differences between the length-weight 
regressions determined for xanthid crabs by season (fall, winter, 
spring, summer and overall) (Table 7). The fall, winter and overall 
regressions were not significantly different from each other. The 
spring and summer regressions were significantly different from the 
first three regressions as well as from each other. For use in 
production calculations the overall length-weight regression was 
chosen:
In weight(mg) = In length(mm) - 1.90 (n = 303, r^ = 0.90).
o
The mean density of xanthid crabs was 42.8 individuals per 10 m^ 
over the whole study area (seagrass bed and sand area combined) for 
the entire sampling period. Ninety-eight percent of the individuals 
were collected in the grassbed. The mean density of xanthids in the
37
Figure 12. Xanthidae. Seasonal trends in mean and median 
carapace width.
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TABLE 7. Length-Weight Regressions for Xanthidae
In weight (mg) = m  In length (mm) + b
Sample Dates
Included n m b r^ ANCOVA
Fall Oct-Dec 124 2.68 -1.80 0.90*5 —
N.S.
Winter Jan-Mar 90 2.73 -1.85 0.95 a=0.05
sig
Overall Oct-June 303 2.70 -1.90 0.90- a=0
Spring April 50 2.86 -2.35 0.87-] sig 
c»=0.05
Early Summer May, June 39 3.31 -3.19 0.88J
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grassbed was 77.8 individuals per 10 m^ and the mean biomass was 
1.39 g per 10 m^ for the entire sampling period.
From October 1980 to May 1981 production of xanthid crabs in the 
seagrass bed was 8.80 g*10 m ”^*207 days” !, two orders of magnitude 
greater than that calculated for the sand area, 0.02 g*10 m"^*207 
days'”! (size-frequency method). Since they occurred so infrequently 
in samples from the sand area, the value used for production of 
xanthids in this habitat was zero.
Within the seagrass bed, production of xanthids was 
8.24 g*10 m“2.222 days”! for the entire study period, October 1980 to 
June 1981. Production, however, was not evenly distributed among the 
grassbed stations (Table 8). At station GM production of xanthids was 
greater than the production calculated for the grassbed overall. At 
both stations GS and GD production was less than the overall value. 
Station GS had the lowest biomass of xanthids as well as the lowest 
production.
Palaemonetes spp.
Three species of the genus Palaemonetes were identified in this 
study: P^ . vulgaris, P_. intermedius and _P. pugio. In the fall all
three species were present in the study area. JP. vulgaris and JP. 
intermedius were the most abundant, with P_. vulgaris accounting for 
7-74% and I?, intermedius accounting for 13-54% of the individuals 
identified to species (seven replicates, 286 individuals). JP. pugio 
was found in only one of the replicates selected for identification,
40
TABLE 8. Production of Xanthidae
Size-Freguency Method (CP]>365 days)
A. October 1980 - May 1981
(g. 10m-2 .207 days"2 ) 
Sand 0.02
Grass 8.80
B
( g . l 0 m - 2 )
0.02
1.41
Daily P/B 
(day~l)
0.0048
0.0304
B. October 1980 - June 1981
Grass
GS
GM
GD
(g.lOm-2.222 days~l) 
8.24 
2.49 
12.88 
4.71
B
(g.lOm-2) 
1.35 
0.64 
2.11 , 
1.07
Daily P/B 
(day"1 )
0.0275
0.0153
0.0275
0.0198
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but accounted for 29% of the individuals in that replicate. In the
spring, P^ . vulgaris was the only species identified from the study
area. Approximately 10-20% of the individuals examined could not be 
identified to species with any degree of certainty. Since it was 
difficult and time-consuming to distinguish between P^ . vulgaris and ]?. 
intermedius no attempt was made to separate the species for data 
analyses.
Palaemonetes spp. were abundant in the seagrass bed in the fall, 
spring and early summer and virtually absent during the winter. In 
the sand area, Palaemonetes spp. were found only in the fall and 
spring. Over the entire sampling period (Fig. 13A) abundances in the 
grassbed were significantly greater than abundances in the sand area 
(Wilcoxon's Signed-Ranks Test, a =  0.005).
Within the seagrass bed, Palaemonetes spp. was not evenly 
distributed among the stations (Fig. 13B). Abundances at station GM 
were greater than and significantly different from abundances at 
station GS over the entire study period and over the shorter time
intervals, fall-winter and spring-summer as well (Table 2).
Abundances at stations GM and GD were significantly different only 
during the fall-winter. No significant differences were found between 
stations GS and GD in any of the time periods analyzed.
Most individuals in the fall samples were in the smaller size 
classes, 2-4 mm carapace length (Fig. 14). When large numbers of 
Palaemonetes spp. appeared in the spring and early summer most 
individuals were in the larger size classes, 4-6 mm carapace length.
42
Figure 13. Palaemonetes spp. Fluctuations in abundance 
during the study period.
z
  —>O-
- 2
~  00
CD
Q
Z oo
UJ
u.
CO 00
UJ
O
cr
o CVJQ
UJ
CO
UJ
CD
c_>
UJ
CO
CO
a:
o coCD CVJ
UJ
CO
o
CD
o
CO
ro
o  o o  o  o  oo  o  oo
CM CDro in
2w  01 / U 3 8 W n N  NV3IN
43
Figure 14. Palaemonetes spp. Size-frequency distributions for 
each sample date.
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Use of analysis of variance (natural log of size with time) to examine 
this trend was not appropriate due to the significant lack of 
homogeneity among variances (Cochran's C and Bartlett-Box F, a - 0.000 
for each). The Spearman rank-order correlation coefficient was 
therefore computed for mean carapace length with time and median 
carapace length with time (Fig. 15). Both relationships were highly 
significant.
Significant differences (one-way ANOVA, a * 0.05) in the mean 
size of Palaemonetes spp. between stations in the grassbed were found 
on five of the eleven sample dates (Table 9). Variances were 
homogeneous in all cases. However, no clear patterns in distribution 
by size among the stations within the grassbed can be identified. 
Interpretation is complicated by two missing samples and the absence 
of Palaemonetes spp. in two others.
The early-summer samples, May and June, contained ovigerous 
individuals. Length-weight regressions were therefore determined by 
season (fall, winter, spring, summer/all individuals and overall) and 
by reproductive condition (ovigerous/summer, nonovigerous/summer and 
nonovigerous/all seasons). The following regressions were not 
significantly different from each other: fall, spring, summer,
nonovigerous/all seasons and overall (Table 10). The regressions for 
ovigerous/summer, nonovigerous/summer and nonovigerous/all seasons 
were significantly different from each other. The winter 
length-weight regression was significantly different from the other 
seasonal regressions and the overall regression as well. For use in
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Figure 15. Palaemonetes spp. Seasonal trends in mean and median 
carapace length.
Spearman rank-order correlation coefficients: 
mean carapace length with time, =0.003;
median carapace length with time, =0.001.
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TABLE 9. Palaemonetes spp.: Distribution by size within
the Grassbed. Results of Analysis of Variance 
and Duncan*s Multiple Range Test, a=0.05.
Date Station n
Mean 
Carapace 
Length (mm)
95% Confidence 
Limits ANQVA Station Groups
10/31/80 GS 130 3.0 2.9 to 3.1 GS
GM 254 3.8 3.7 to 3.9 * GM
GD 66 3.8 3.6 to 4.0 GD
11/8/80 GS 83 3.4 3.2 to 3.5 GS
GM 143 3.8 3.7 to 3.9 * GM
GD NOT SAMPLED
11/22/80 GS 13 3.5 3.3 to 3.8 GS
GM 59 3.3 3.2 to 3.4 NS GM
GD 17 3.6 3.3 to 4.0 GD
12/8/80 GS 7 3.9 3.6 to 4.3 GS
GM 114 3.3 3.2 to 3.4 * GM
GD 0 — — to — GD
1/22/81 GS 1 4.2 — to — GS
GM 5 3.7 3.2 to 4.2 NS GM
GD 5 3.2 2.3 to 4.4 GD
2/18/81 GS 3 3.6 3.0 to 4.2 GS
GM 5 3.6 2.8 to 4.5 NS GM
GD 1 3.7 — to — GD
3/25/81 GS 0 _____ — to — GS
figure GM 5 3.8 1.7 to 5.9 N/A GM
limits GD NOT SAMPLED
4/11/81 GS 59 3.8 3.6 to 4.0 GS
GM 5 4.1 3.6 to 4.7 NS GM
GD 0 — — to — GD
4/28/81 GS 5 4.0 3.8 to 4.3 GS
GM 120 4.2 4.1 to 4.3 * GM
GD 30 4.7 4.4 to 5.1 GD
5/26/81 GS 41 4.6 4.3 to 5.0 GS
GM 65 4.3 4.1 to 4.5 * GM
GD 120 4.9 4.7 to 5.1 GD
6/10/81 GS 19 5.3 4.9 to 5.8 GS
GM 22 5.3 4.9 to 5.8 NS GM
GD 49 4.8 4.5 to 5.1 GD
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TABLE 10. Length-Weight Regressions for Palaemonetes spp
In weight (mg) = m  In length (mm) +  b
Sample Dates 
Included n m ANCOVA
Fall Oct-Dec 105 2.17 -0.05 0.87-j
Spring April 39 1.92 0.23 0.90
Overall Oct-June 250 2.17 -0.06 0.87
Overall/
Nonovigerous
Early
Oct-June 224 2.10 0.02 0.86
Summer May, June 84 1.95 0.36 0.80-
Early
Summer/
Nonovigerous
May, June 58 1.69 0.68 0.76
Early
Summer/ May, June 26 1.53 1.27 0.54
Ovigerous
N.S.
a=0.05
Sig
a=0.05
Sig
a=0.05
Winter Jun-Mar 22 2.51 -0.68 0.91
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secondary production calculations the overall regression were chosen: 
In weight(mg) = 2.17 In length(mm) - 0.06 (n = 250, r^ * 0.87).
The mean density of Palaemonetes spp. was 87.9 individuals per 
10 m^ and the mean biomass was 1.83 g per 10 m^ over the whole study 
area (seagrass bed and sand area combined) for the entire study 
period. Ninety-nine percent of the individuals were collected in the 
seagrass bed. The mean density of Palaemonetes spp. in the grassbed 
was 161.2 individuals per 10 m^ and the mean biomass was 3.48 g per 
10 m^ for the entire sampling period. However, the presence of 
Palaemonet.es spp. in the grassbed was highly seasonal. During the 
fall, the mean density in the grassbed was 280.1 individuals per 10 m^ 
and the mean biomass was 4.98 g per 10 m ^ . These values decreased 
during the winter to 11.8 individuals per 10 m^ and 0.28 g per 10 m ^ . 
When Palaemonetes spp. reappeared in the grassbed during the spring 
and summer density and biomass increased from winter levels to 156.7 
individuals per 10 m^ and 37.34 g per 10 m ^ .
Production of Palaemonetes spp. was calculated on a seasonal 
basis. Essentially no production occurred in the sand area during the 
fall, winter and spring/summer intervals sampled. In the seagrass 
bed, production by Palaemonetes spp. occurred in the fall and to a 
lesser extent in the winter (Table 11). Although biomass was greatest 
in the spring and early summer, the production value was negative, 
reflecting the return of large numbers of Palaemonetes spp. to the 
grassbed during that time period.
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Within the seagrass bed, production was not evenly distributed 
among the stations. In the fall, production at station GM was two 
times greater than at station GS, six times greater than at station GD 
and 1.5 times greater than the production calculated over the entire 
grass study area (Table 11). During the winter, production occurred 
only at station GM. The biomass of Palaemonetes spp. at station GM 
during this period was an order of magnitude greater than at stations 
GS and GD. In the spring and early summer, production values were 
negative for each station indicating emigration of individuals. At 
station GD, production was six times more highly negative than 
production at either station GS or station GM.
Crangon septernspinosa
Crangon septernspinosa was more abundant in the seagrass bed than 
in the sand area. These differences in abundance were significant 
over the entire sampling period (Wilcoxon's Signed-Ranks Test, a = 
0.005), but were greatest in the fall, spring and early summer (Fig. 
16A). Within the grassbed, C_. septemspinosa appeared to be evenly 
distributed among stations (Fig. 16b). There were no significant 
differences in abundances between stations during the fall, winter, 
spring-summer (Wilcoxon's Two Sample Tests, a = 0.05) or over the 
study period as a whole (Wilcoxon's Signed-Ranks Tests, 
a = 0.05) (Table 2).
Individuals of the 1981 recruitment began appearing in the study 
area in March (Fig. 17). By 28 April the 1980+ and 1981 cohorts could
51
Figure 16. Crangon septemspinosa. Fluctuations in abundance 
during the study period.
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Figure 17. Crangon septemspinosa. Size-frequency distributions 
for each sample date with 1980+ and 1981 cohorts 
indicated.
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not be readily distinguished. Based on the size-frequency 
distributions, 1981 recruits were defined as those individuals 
< 4  mm carapace length in March,
_< 5 mm carapace length by 11 April,
and < 7 mm carapace length from 28 April to June.
The mean and median carapace length of individuals in the 1980+ cohort 
increased over time (31 October 1980 - 11 April 1981) (Fig. 18).
These relationships were highly significant (Spearman rank-order 
correlation coefficient, ot < 0.01 for each). The same relationships 
were not significant (a > 0.40) for the 1981 cohort between March and
June. Mean and median carapace length varied with the numbers of
small individuals (2-4 mm) appearing in the study area.
Significant differences (one-way ANOVA, a = 0.05) in the mean 
size of (2. septernspinosa between stations in the seagrass bed were 
found on only two of the eleven sample dates, 31 October 1980 and
8 November 1980. These results indicate that size was probably not a
major factor determining C^ . septemspinosa distribution within the 
grassbed.
Ovigerous individuals were present in some winter and spring 
samples. Length-weight regressions were grouped by season (fall, 
winter, spring, early summer and overall) and by reproductive 
condition (ovigerous/winter and spring, nonovigerous/winter, 
nonovigerous/spring and nonovigerous/all seasons). Groups of these 
regressions were compared using analysis of covariance and significant 
differences were found among each group (Table 12). For use in
54
Figure 18. Crangon septemspinosa. Seasonal trends in mean and 
median carapace length with 1980+ and 1981 cohorts 
indicated.
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TABLE 12. Length-Weight Regressions for Crangon septemspinosa
In weight (mg) = m  In length (mm) +  b
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Sample Dates
Included n m b r2 ANCOVA
Fall Oct-Dec 98 2.42 -0.56 0.84 -
Overall Oct-June 255 2.65 -1 . 0 2 0.91i
Overall/
Nonovigerous
Oct-June 244 2.58 -0.94 0.90 Sig
a=0.05 P 
CO
 
II 
H-
 
O
O
P
Spring/
Nonovigerous
April 38 2.59 -1 . 2 0 0.91-
Spring April 41 2.90 -1.63 0.91i
Winter Jan-Mar 62 2.89 -1.39 0.94 Sig
a=0.05
Winter/
Nonovigerous Jan-Mar 54 2.85 -1.33 0.93-
Winter/
Ovigerous
Jan-Mar 1 1 * 3.23 -1.97 0.72
Early
Summer May, June 54 2 . 1 1 -0.44 0 . 8 6
o
o m il o
3 o
60 I 
•H  s  
CO
60 
•H
CO
* Includes 3 cases from 11 April, 1981.
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secondary production calculations the overall regression was chosen:
In weight(mg) — 2.65 In length(mm) - 1.02 (n = 255, r^ = 0.91).
The mean density of C^ . septernspinosa was 33.8 individuals per 10 
m^ and the mean biomass was 0.56 g per 10 m^ over the whole study area 
(seagrass bed and sand area combined) over the entire study period. 
Eighty-eight percent of the individuals were collected in the 
grassbed. The mean density of C^ . sep terns pinos a in the grassbed was 
54.7 individuals per 10 m^ and the mean biomass was 1.18 g per 10 m^ 
for the entire study period.
From October 1980 to May 1981 (207 days) production of
septernspinosa was an order of magnitude greater in the seagrass bed
than in the sand area (size-frequency method) (Table 13). Within the 
grassbed, from October 1980 to June 1981, production of C^ . 
septemspinosa was 4.70 g*10 m ~ ^ m222 days. This production was evenly 
distributed among the grassbed stations (Table 13).
Portions of two cohorts of jC. septemspinosa were present during 
the study period. Production was separated by cohorts using the 
removal-summation method (Table 13). From October 1980 to March 1981 
production by the 1980+ cohort was 3.36 g*10 m"*^*179 days. The 1981
cohort appeared in the grassbed in March. The production value for
the 1981 cohort from March 1981 to June 1981 was negative,
-1.57 g ’10 m - ^ . 7 7  days, reflecting the fact that recruitment was 
continuing and numbers of individuals in the 1981 cohort were 
generally increasing throughout this period.
57
TABLE 13. Production of Crangon septemspinosa
I. Size-Frequency Method (CPI-365 days)
A. October 1980 - May 1981
Sand
Grass
(g.l0m-2.207 days-1)
0.35
3.74
B
(g.lOnT"2)
0.51
1.21
Daily P/B 
(days~l)
0.0034
0.0150
B. October 1980 - June 1981
Grass
GS
GM
GD
(g.lOm 2 . 2 2 2  days 
4.70
4.24
4.24 
4.68
B
(g.lOm"2 )
1.18
0.98
0.97
1.54
Daily P/B 
(day )
0.0179
0.0195
0.0197
0.0137
1980+ cohort 
1981 cohort
II. Removal-Summation Method*
3.36 g. lOirf"2 .179 days ^ 1.24 g.lOm 2
-1.57 g.10m""2 .77 days ^ 0.59 g.lOm 2
Dally P/B 
0.0151
* Values calculated over entire grass study area.
DISCUSSION
Callinectes sapidus
The Guinea Marsh seagrass bed (Z. marina and JR. maritima) in the 
York River system was utilized extensively as a winter nursery ground 
by juvenile blue crabs. Juvenile blue crabs were also present in an 
adjacent shallow, unvegetated sand area on all but two sample dates. 
However, the abundance, biomass, and secondary production of juveniles 
in the grassbed were at least an order of magnitude greater than in 
the sand area. Neither the shallow sand area nor the deep channels in 
the vicinity of the seagrass bed appeared to be as important as winter 
nursery areas for juvenile blue crabs as was the seagrass bed itself. 
By remaining in shallow water throughout the winter newly recruited 
blue crabs avoid the possibly intense predation pressure that would 
occur if they were to migrate to deeper water for the winter with 
their predators such as adult blue crabs (Tagatz 1968), bluefish 
(Pomatomus saltatrix) , weakfish (Cynoscion regalis) , and sandbar
sharks (Carcharhinus plumbeus) (Lascara 1981). This conclusion is 
supported by the results of Heck and Thoman (in prep.) which also 
emphasized the importance of the Guinea Marsh seagrass bed as a 
nursery area for juvenile J3. sapidus ♦
During the winter, seagrass beds serve as an important nursery 
grounds for newly recruited blue crabs. Since most of these new
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recruits overwinter in the lower Chesapeake Bay (Virginian waters)
(Van Engel 1958), the lower Bay seagrass beds are of greatest value in 
this respect. The same conclusion was reached independently by Heck 
and Thoman (MS. in prep.). Small numbers of juveniles that recruit 
early in the fall may migrate up the Bay as far as mid-Bay regions 
before winter. In contrast juveniles overwinter in deeper waters in 
the mid-Bay regions and are scarce in shallow areas (Lippson 1971).
The early recruits reaching the mid-Bay have a longer warm water 
growing period and are therefore larger in size (all greater than 
20 mm carapace width, Lippson 1971) than the later recruits (all less 
than 20 mm carapace width) overwintering in the lower Bay (Diaz and 
Fredette 1981, this study). The utilization of seagrass beds as 
winter nursery grounds is most important for that portion of the 
population recruiting later in the season and not growing beyond 2 0  mm 
carapace width before winter. The need for refuge from predation 
seems to become less important as individuals increase in size.
Within the seagrass bed stations were originally chosen in order 
to examine the importance of water depth as a factor influencing the 
distribution of juvenile crabs. It is now apparent that season (water 
temperature), water depth, vegetation density, extent of vegetation 
cover (patchiness), and size of individuals were all factors 
influencing the distribution of juvenile _C. sapidus.
In the seagrass bed the greatest numbers of juveniles occurred 
during the fall, the recruitment period for _C. sapidus. Throughout 
the fall abundances in the shallow and mid-depth areas of the seagrass
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bed were significantly greater than in the deep portion of the bed.
The highest abundances of newly recruited blue crabs were associated 
with the areas of most dense vegetation and most uniform cover. 
Abundances of juveniles were consistently low throughout the fall in 
the offshore fringe of the seagrass bed where grass density was low 
and cover patchy. By mid-winter numbers of juveniles in the seagrass 
bed had decreased to approximately half of the maximum fall numbers. 
Blue crab densities then remained at fairly constant levels through 
the rest of the winter with highest abundances continuing to be found 
in the shallow, most densely vegetated areas. The differences in 
abundances, however, between the shallow and deep areas decreased 
significantly. Since most activity by blue crab ceases during the 
cold months, the loss.of juveniles from the seagrass bed during the 
winter is attributed to mortality rather than emigration from the bed. 
Numbers of juvenile C^ . sapidus continued to decline gradually in the 
seagrass bed throughout the spring and early summer. As in the fall 
and winter, highest abundances continued to be associated with the 
highest vegetation densities.
Heck and Thoman (in prep.) concluded that the high densities of 
juvenile blue crabs observed in seagrass beds result from decreased 
predation pressure and a corresponding increase in survival of 
juveniles. Laboratory experiments have demonstrated that the presence 
of dense vegetation (generally greater than 674 shoots • m “^) inhibits 
pedation by Fundulus heteroclitus on Palaemonetes pugio (Heck and 
Thoman 1981) and by adult C^ . sapidus (100-150 mm carapace width) on 
smaller (C. sapidus (40-60 mm carapace width) (Orth 1981). The
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persistent association observed in this study of greatest juvenile 
blue crab abundances with highest vegetation density provide field 
evidence in support of the laboratory findings.
Between the areas sampled in the Guinea Marsh seagrass bed,
differences in the size of juveniles were apparent. During the fall 
the smallest crabs were found in the shallowest area while the largest 
juveniles remained offshore along the deeper fringe of the seagrass 
bed. This concentration of the smaller juveniles in the shallow, more 
densely vegetated portions of the seagrass bed and larger juveniles 
along the deep, sparsely vegetated edge became even more evident 
during the winter and persisted into the spring. The breakdown of 
this pattern in the early summer can be attributed to the resumption
of activity and growth by the juveniles within the seagrass bed as the
water temperature increased and to the return to the seagrass bed of 
larger individuals of earlier cohorts.
The size distribution pattern of juveniles within the seagrass 
bed reinforces the conclusion already drawn. Heck and Thoman (1981) 
suggested that seagrass invertebrates would benefit from the selection 
of areas of dense vegetation because predation pressure is reduced in 
such areas. The smallest juvenile blue crabs, those individuals most 
vulnerable to predation, appear to gain significant refuge in areas of 
dense vegetation as indicated by their greater numbers in those areas, 
as compared with the more sparsely vegetated grassbed fringe. It 
could not be determined if juveniles actually selected areas of dense 
vegetation or if the distribution patterns solely reflect their
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greater survival. It has been shown that Hippolyte californiensis, a 
shrimp inhabiting seagrass beds, does select dense vegetation (Barry 
1974). It is possible that the pattern of juvenile blue crab 
distribution observed in Guinea Marsh seagrass bed was the result of 
actual selection of dense vegetation as well as increased survival. 
Habitat selection by C^. sapidus needs to be investigated in more 
detail.
Over the course of the study, the length-weight relationship for 
juvenile Callinectes sapidus did not change. Growth and production, 
however, occurred only during the warmer portion of the study period, 
April through June. Within the seagrass bed, production by juvenile 
blue crabs was two times greater at the mid-depth station than at the 
shallow or deep stations. Since no differences in the growth of 
juveniles were observed among stations, differences in production can 
be directly attributed to differences in the numbers of individuals 
found at each station. The variables affecting the distribution of 
individuals within the seagrass bed were also responsible for the 
intra-bed production differences.
The refuge from predation provided by seagrass beds may increase 
the number of juvenile blue crabs that survive to adulthood. Based on 
this finding Heck and Thoman (in prep) concluded that continued 
declines in the abundance of submerged aquatic vegetation in the lower 
Chesaepake Bay could result in a reduction of the numbers of adult 
blue crabs available to the entire Chesapeake Bay fishery.
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Given that lower Chesapeake Bay seagrass beds are important 
nursery grounds for each new generation of blue crabs, it is 
interesting to speculate on the value of these seagrass beds to the 
crabbing industry. If a conservative average density of only five 
juvenile blue crabs per square meter (the range in this study was 4-31 
individuals • m ”^ with an average density overall of 13 individuals * 
m-^) is projected over the 8,400 hectares (84,000,000 m^) of vegetated 
bottom in the lower Bay, these areas may provide a habitat for 480 
million juvenile crabs. In 1980, 38 million pounds of blue crabs 
worth 7.5 million dollars were landed in the Chesapeake Bay (figures 
provided by Virginia Marine Resources Commission). With approximately 
four crabs per pound (Pearson 1948), the 1980 landings represent about 
150 million crabs. Theoretically only 36 percent of the juveniles 
associated with seagrass beds need survive to marketable size to 
account for the total catch of crabs in the Chesapeake Bay.
These figures are not presented to suggest that all crabs caught 
in the Chesapeake Bay were produced from those 8,400 hectares of 
vegetated bottom. They are presented to emphasize the great 
importance and potential habitat value of vegetated habitats to blue 
crabs, even though submerged aquatic vegetation account for a very 
small percentage of the bottom in the lower Bay.
Xanthidae
Xanthid crabs were only associated with the vegetated habitat.
The few individuals collected in the sand habitat appeared in samples 
containing small amounts of grass. Neopanope sayi was the dominant
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xanthid in Guinea Marsh seagrass bed. The numbers of individuals of 
Panopeus herbstii and Eurypanopeus depressus in the sample populations 
were very low. The results can therefore be discussed in relation to 
the ecology of IN. sayi even though the species were not separated in 
the data analyses.
Within the seagrass bed, the abundance, biomass and production of 
Neopanope sayi were greatest at the mid-depth station, the area of 
highest vegetation density (and biomass) and most even cover. Heck 
and Thoman (1981) have shown that predation rates on xanthid crabs are 
high in Thalassia testudinum meadows with blue crabs and fish as the 
most likely predators. They also found that areas of high plant 
biomass provided greater protection from predation than areas of low 
plant biomass. Given the large numbers of blue crabs and fish which 
utilize Guinea Marsh seagrass bed (Heck and Orth 1980a, Orth and Heck 
1980, Heck and Thoman in prep., this study) the predation pressure on 
N_. sayi could be high in the Guinea Marsh system. In light of the 
findings of Heck and Thoman (1981), the association of highest 
abundances of N. sayi with highest vegetation density (and biomass) 
may indicate that such areas provide the greatest refuge from 
predation,
It must be noted, however, that there was usually a large degree 
of variation among the three replicate samples taken at each station 
(see Appendix I B) indicating a rather patchy distribution of N_. sayi 
within the seagrass bed. A greater number of replicates each 
encompassing a smaller area than sampled in this study would have been
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useful in determining the factors influencing the distribution of IN. 
sayi within the seagrass bed. It seems likely that small scale 
variations within the habitat are important to this species.
Some fluctuations in the seasonal abundance of IN. sayi appear to 
have been artifacts of the patchiness in its distribution. This 
factor provides the most likely explanation for the peak in abundance 
that occurred in March only at the mid-depth station. From the March 
size-frequency distribution it can be seen that it was not a period of 
juvenile recruitment. The size class distribution of individuals in 
March was the same as in the other winter samples.
No growth by JN. sayi was observed during the fall and winter. A 
period of anecdysis starts in late October as water temperatures drop 
below 15-16°C and continues through March. Molting and growth begin 
again in the spring as water temperatures rise above 15-16°C (Swartz 
1972).
The length-weight regression for N_. sayi calculated after growth 
resumed in the spring (spring and early summer regressions) were 
significantly different from the regressions calculated during the 
period of anecdysis (fall and winter). The reasons for these 
differences are unclear. The mean size of individuals in the fall and 
winter samples were significantly smaller than the mean size of 
individuals in the spring and summer samples. These results indicate 
the two sets of regressions were calculated with respect to different 
size-frequency distributions. If, as found by Swartz (1972), there is 
little change in the growth of IN. sayi (relative size increment at
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molting) over its entire size range, the differences in size-frequency 
distributions should have had little effect on the resulting 
length-weight relationships.
The size-frequency distributions indicate that the population in 
Guinea Marsh was composed predominantly of juveniles. Both males and 
females of N_. sayi mature at about 10 mm carapace width (Swartz 1972). 
Since N_. sayi grows to maturity in nine months to one year, it can be 
concluded that the individuals in the Guinea Marsh seagrass bed 
population belonged to the cohort spawned during the previous summer 
(1980). These juveniles would reach maturity and spawn during the 
coming summer (1981).
N. sayi has not been observed to migrate seasonally between 
shallow and deep waters (Swartz 1972). The near absence in the 
seagrass bed of individuals older than one year (greater than 1 0 mm 
carapace width) may be due to mortality within the bed rather than 
migration from the bed. These larger individuals may be important 
prey for fishes and larger crustaceans, specifically Callinectes 
sapidus. The relatively high densities and secondary production of IN. 
sayi observed during the study period indicate that the species should 
be considered an important component of the seagrass system, both as a 
predator on the seagrass macrobenthos (Young et a l . 1976) and as prey 
for fish and blue crabs.
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Palaemonetes spp.
Three species of the genus Palaemonetes were collected: P^
vulgaris, Pj. intermedius and JP. pugio. Overall, JP. vulgaris appeared 
to be the most abundant species, but unclear taxonomic distinctions 
between it and JP. intermedius prevented a more exact determination of 
the relative importance of the two species. P. pugio was definitely a 
rare species during the study period. The results from a 15 month 
trawl survey in Guinea Marsh seagrass bed (Heck and Orth 1980a) 
provide a clearer picture of the species composition of the 
Palaemonetes population. Of all grass shrimp collected, in their 
study P_. vulgaris accounted for 93% of the individuals, JP. pugio 6 %, 
and _P. intermedius 1%.
It is interesting to note that in the present study JP. 
intermedius was identified only in the fall sample populations which 
were composed primarily of juvenile shrimp. In juveniles much overlap 
exists between the diagnostic characters of JP. vulgaris and JP. 
intermedius. The taxonomic difficulties encountered have led me to 
doubt the validity of the characteristics (see Holthuis 1952, Williams 
1965) used to separate the two species. As far as has been 
determined, these three species, PJ. vulgaris, JP. intermedius and JP. 
pugio, are nearly identical in life history and ecology (Williams 
1965). The validity of conclusions drawn from this study should not 
be diminished by the fact that these species were not separated in 
data analyses.
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As the common name implies, grass shrimp are found primarly 
associated with vegetated habitats (Williams 1965). This association 
was very clear in this study. Abundance, biomass, and production of 
Palaemonetes spp. in the sand habitat were insignificant in comparison 
to the seagrass bed.
Utilization of the Guinea Marsh seagrass bed by Palaemonetes spp. 
was highly seasonal. Grass shrimp were abundant during the fall, 
spring, and early summer intervals and virtually absent during the 
winter. Winter migration from shallow water to deeper areas has been 
reported for JP. pugio (Welsh 1975). It can be inferred from the 
patterns of abundance observed in the seagrass bed that JP. vulgaris 
and J?. intermedius migrate to deeper water during the winter as well. 
Sampling in channels revealed that grass shrimp were indeed present, 
but such samples were qualitative and no estimates of abundance could 
be made.
Within the seagrass bed the abundance, biomass, and production of 
Palaemonetes spp. were highest during the fall. This sampling 
interval corresponded with the major period of juvenile recruitment 
(Diaz and Fredette 1981) and the sample population was composed 
primarily of juvenile shrimp (2-4 mm carapace length). During this 
period, the abundance, biomass, and production of juvenile 
Palaemonetes spp. were significantly greater at the mid-depth station, 
the area of highest grass density and most even grass cover, than at 
either the shallow or deep stations. The high density of vegetation
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in the mid-depth area, probably provided the greatest refuge from 
predation (Heck and Thoman 1981).
Areas of dense vegetation function as refuges from predation by 
providing shelter for prey. In dense vegetation the chances that prey 
will successfully elude visually hunting predators are enhanced while 
the mobility and manueverability of predators are inhibited (Heck and 
Orth 1980b). The foraging activities of a Palaemonetes spp. predator 
the summer flounder (Paralichthys dentatus) (Lascara 1981), are 
inhibited in just such a manner by dense vegetation. The summer 
flounder has been observed to lay in wait for prey along the edges of 
vegetation patches but is unable to effectively penetrate and forage 
within the vegetated area (Lascara 1981). All of these factors 
combine in the functioning of seagrass beds as refuges for 
Palaemonetes spp.
Large numbers of Palaemonetes spp. began reappearing in Guinea 
Marsh grassbed in the spring. Most of these individuals belonged to 
the 4-6 mm size classes. Since the average life span of Palaemonetes 
spp. is about one year 0?. pugio: Sikora 1977), these returning 
individuals were most likely members of the same cohort as the fall 
population. Welsh (1975) reported that adult P^ . pugio of the previous 
generation disappeared completely from a Rhode Island population by 
A p ril.
There was a highly significant relationship between increasing 
size (mean and median carapace length) and time, indicating that 
growth of Palaemonetes spp. did occur during the study period.
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However, with the small numbers of shrimp present in the winter, it 
was not possible to determine, based on size-frequency distributions, 
if growth continued through the winter. Welsh (1975) found that most 
growth of P_. pugio occurred between July and October with a lesser 
amount occurring during the following spring and early summer. It is 
likely that this same pattern of growth was true for Palaemonetes spp. 
in this study.
In the spring and early summer, twenty percent of the individuals 
collected in the Guinea Marsh seagrass bed were ovigerous. This 
sampling interval represented about one fourth of the spawning season 
which lasts from June through September in the Chesapeake Bay (Diaz 
and Fredette 1981). Among the length-weight regressions calculated 
only reproductive condition (ovigerous/nonovigerous) could be clearly 
identified as a factor affecting the relationships.
Within the seagrass bed production varied with station and with 
season. Production was greatest at the mid-depth station through the 
fall and winter. The fact that winter production at the mid-depth 
station was an order of magnitude greater than at either the shallow 
or deep stations was surprising since differences in the abundances 
between stations were not very great.
During the spring and early summer negative production values 
resulted from the migration of individuals into the system. (Negative 
production values can also be obtained if individuals grow smaller 
with age; obviously not the case in this study.) Production and 
biomass resulting from returning individuals were greatest at the deep
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station along the fringe of the grassbed. There were no clear trends 
in abundance among the areas within the seagrass bed to account for 
the production results. The occurrence of sixty percent of the 
ovigerous individuals at the deep station in the summer most likely 
contributed to the peak in biomass observed.
Palaemonetes spp. utilized Guinea Marsh seagrass bed as both 
nursery grounds and spawning grounds. During the fall the grassbed 
was utilized as nursery grounds providing refuge for large numbers of 
juveniles. In the summer the seagrass bed functioned as a spawning 
ground for Palaemonetes spp. (predominantly JP.- vulgaris) . Welsh 
(1975) suggested that heavy predation on ovigerous JP. pugio females 
was responsible for the greater abundance of males than females 
observed during the spawning season. If ovigerous females are 
especially susceptible to predation, seagrass beds would be especially 
valuable as refuges during the spawning season. These results 
indicate that further study is needed on the utilizatiion of seagrass 
beds as refuge by Palaemonetes spp. at different stages in their life 
history.
Crangon septemspinosa
Although called the sand shrimp, Crangon septemspinosa utilizes a 
variety of habitats (Haefner 1979). In this study only twelve percent 
of the individuals were collected over sandy bottom adjacent to Guinea 
Marsh seagrass bed. Eighty-eight percent were collected from within 
the seagrass bed. This association of high concentrations of C_. 
septemspinosa with vegetation has been noted by others as well
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(Squires 1965, Haefner 1972, Heck and Orth 1980a, Heck and Thoman M S . 
in prep.). Given several habitat types in the same area, both 
vegetated and nonvegetated, C_. septemspinosa seems to prefer vegetated 
habitats. Within the seagrass bed the effects of vegetation density, 
cover and water depth on the distribution of sand shrimp were examined 
but no correlations were found. At any one point in time the density 
of C_. septemspinosa appeared to be influenced only by the presence or 
absence of vegetation.
Over the entire study period the abundances of C_. septemspinosa 
in the sand habitat remained at fairly constant low levels while the 
abundances in the seagrass bed varied seasonally. Numbers in the 
grassbed decreased through the fall. In the York River as 
temperatures drop, sand shrimp migrate from the shallow, inshore areas 
to the deep channels for the winter (Haefner 1976). During the 
winter, abundances in the grassbed were low, approximately equal to 
those in the sand area. In the late spring and early summer 
abundances in the grassbed increased again, reaching levels greater 
than those observed in the fall. This increase in abundance was 
caused by recruitment of many small individuals representing the 1981 
cohort. Recruitment continues throughout the summer, peaking in 
August (Diaz and Fredette 1981).
A population of C^ . septemspinosa can usually be separated into 
four groups: juveniles, males, nonovigerous females and ovigerous 
females. Sex and reproductive condition influence length-weight 
relationships significantly (Haefner 1979). In this study
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length-weight regressions calculated by season and reproductive 
condition were variable and rather than indicating seasonal 
differences, probably reflect the fact that the seasonal groupings 
included individuals of both sexes.
. ' * ’ ft-
Two groups could be identified in the C_. septemspinosa population 
in the seagrass bed: a 1980+ cohort including all individuals 
recruited during or before 1980; and a 1981 cohort including only 
those individuals recruited during 1981. Calculations of secondary 
production using the size-frequency method (Hamilton 1969, Waters and 
Crawford 1973, Waters and Hokenstrom 1980) masked the presence of 
these two groups. The removal-summation method of production 
calculation (Waters and Crawford 1973) was used to determine the 
relative contribution of each group to the overall production during 
the study period. The negative production value for the 1981 cohort 
indicates that numbers of juveniles were increasing in the seagrass 
bed and reflects the fact that it was a period of recruitment for <1 . 
septemspinosa.
Overall, the abundance, biomass and production of C_. 
septemspinosa were greater in the seagrass bed than in the sand area. 
However, neither area appeared to be as important a habitat for the 
species during the fall and winter as are the deep channel areas 
(Haefner 1976). Seagrass beds may be most heavily utilized by C_. 
septemspinosa early in its life history as summer nursery grounds 
providing refuge from predation for each new cohort. The foraging 
efficiency of sand shrimp predators such as weakfish (Cynoscion
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regalis) and summer flounder (Paralichthys dentatus) has been shown to 
be reduced in the presence of vegetation (Lascara 1981).
It is unfortunate that this study period ended just as the 
recruitment of <2. septemspinosa began. However, a 12 month study of a 
_C. septemspinosa population in a seagrass bed (Diaz and Fredette 1981) 
supports the conclusion that vegetated habitats serve as nursery 
grounds for the juveniles. The seagrass population they sampled was 
composed primarily of juveniles during the summer months. In general, 
seagrass beds may be said to be important habitats for juvenile C^ . 
septemspinosa with the relative value decreasing for later stages in 
its history.
SUMMARY
In general it was found that the Guinea Marsh seagrass bed was 
utilized as a refuge to some degree by all four decapods. With the 
exception of xanthid crabs which are permanent residents of the bed, 
the importance of the seagrass habitat as a refuge varied with season 
and life history stage. Newly recruited Callinectes sapidus utilized 
the seagrass bed as a nursery area during the fall and winter. 
Palaemonetes spp. also utilized the seagrass bed as a nursery area 
during the fall but were virtually absent from the bed during the 
winter. The fall cohort of Palaemonetes spp. returned to spawn in the 
seagrass bed during the spring and summer. The seagrass habitat 
appeared to be most important to Crangon septemspinosa as a nursery 
area during the summer and was utilized only secondarily throughout 
the rest of the year as a refuge for adults.
The highest abundance, bioimass, and secondary production of C_. 
sapidus, xanthid crabs and Palaemonetes spp. were associated with 
highest vegetation densities. I suspect that this pattern wpuld also 
hold true for juvenile C. septemspinosa if more data were available. 
Although it did not seem to be true for adults. Greater refuge from 
predation was provided by areas of dense vegetation as compared to
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areas of sparse or no vegetation which translates to survival of 
larger numbers of individuals.
The refuge from predation provided by seagrass beds increases the 
number of juvenile sapidus that may survive to adulthood. Since 
most newly recruited juveniles overwinter in the lower Chesapeake Bay, 
lower Bay seagrass beds such as the Guinea Marsh system are of 
greatest refuge value. Based solely on their importance as nursery 
areas for a commercial species, such as sapidus, lower Bay seagrass
beds should be considered a valuable economic resource.
CONCLUSIONS
1. The Guinea Marsh seagrass bed was utilized extensively by juvenile 
blue crabs as a nursery ground. Neither an adjacent shallow sand 
area nor the deep channels in the vicinity of Guinea Marsh 
appeared to be as important as nursery areas for juveniles as was 
the seagrass bed.
2. Since most newly recruited blue crabs overwinter in the lower 
Chesapeake Bay, lower Bay seagrass beds are of greater value as 
nursery areas than those of the upper Bay. As winter nursery 
grounds seagrass beds are most important for that portion of the 
blue crab population less than or equal to 2 0 mm carapace width.
3. As nursery areas for juvenile blue crabs seagrass beds provide 
refuge from predation. The highest abundances of juveniles and 
the smallest size classes of juveniles (those individuals most 
vulnerable to predation) were found in the areas of densest 
vegetation indicating that these areas were of the greatest refuge 
value.
4. Xanthid crabs were associated only with the vegetated habitat. 
Neopanope sayi as the dominant xanthid in Guinea Marsh seagrass 
bed during the study. The patchy distribution of N_. sayi within
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the seagrass bed implies that habitat variations on a smaller 
scale than those examined were important to this species.
5. The large numbers of predators on xanthids which utilize the 
seagrass bed and the absence of larger individuals in the xanthid 
population may indicate that predation pressure on xanthid crabs 
in the Guinea Marsh seagrass population is high. Dense 
vegetatioin probably provides an important refuge from predation 
for xanthids.
6 . Three species of Palaemonetes were collected: JP. vulgaris, .P.
intermedius and JP. pugio. ]?. vulgaris appeared to be the dominant
species. Guinea Marsh seagrass bed served as a refuge from 
predation with the areas of dense vegetation offering the greatest 
protection.
7. Utilization of Guinea Marsh seagrass bed by Palaemonetes spp. was 
highly seasonal. The seagrass bed was important to Palaemonetes 
spp. as a nursery area for juveniles during the fall and as a 
spawning grounds during the spring and early summer.
8 . Significantly higher abundances of Crangon septemspinosa were
found in the vegetated habitat as compared to the sand habitat.
The distribution of C_. septemspinosa in the Guinea Marsh study 
area appeared to be influenced only by the presence or absence of 
seagrass rather than seagrass density.
9. Seagrass beds may be most important as nursery grounds for
juvenile C. septemspinosa with the relative value as a habitat
decreasing for later stages in its life history.
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APPENDIX III A. Secondary production data for Callinectes sapidus
Size-frequency Method: Seagrass stations
Size Class (mm)
26-30 31-35 36-40 41-45 46-501-5 6 - 1 0 11-15 16-20 2 1 -:
Date
10/31/80
GS 4 26 13 5
GM 5 64 33 4
GD 1 4 4 3
11/08/80
GS 25 47 5 2
GM 4 37 40 1 1
GD - no data -
11/22/80
GS 7 31 4 1
GM 2 2 15 5
GD 9 1 0 2
12/09/80
GS 40 57 3 2
GM 9 74 14 2
GD 1 8 8
01/22/81
GS 7 29 3
GM 7 32 6
GD 15 5
02/18/81
GS 19 6
GM 5 26 6 1
GD 16 9 4
03/25/81
GS 2 2 8
GM 43 6 3
GD no data -
04/11/81
GS 4 5 1
GM 8 17 3
GD 4 1
04/28/81
GS 5 5 4
GM 15 19 5 2
GD 1 2 3 2
05/26/81
GS 1 1 1 1
GM 9 6 2
GD 3 1 2
06/10/81
GS 1 1 1 1
GM 4 5 1 1
GD 1 2
Total 108 606 300 70 1 1
1
1 1 3  1 1
4 3 5 1 1
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APPENDIX III B. Secondary production data for Callinectes sapidus 
Size-frequency Method: Sand, stations combined
Date
Size Class (mm)
1-5 6-10 11-15 16-20 21-25 26-30 31-35
10/31/80 1
11/08/80 2 1 
11/22/80 1 1 1
12/09/80 2
01/22/81 2
02/18/81 
03/25/81
04/11/81 1 2  1
04/28/81 1 1 2
05/26/81
06/10/81 - - - no data ___-_
Total 0 6 5 6 3
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APPENDIX III C. Secondary Production Calculation for Callinectes sapidus
Instantaneous Growth Method: Seagrass stations combined
Mean weight Biomass (B) B P
Date (mg) (mg•m-2) G (mg-m-2) (mg •irf‘~2 • time)
10/31/80 43.41 737.8
0.16 964.0 154.2
11/08/80 51.04 1190.2
0.03 863.9 25.9
11/22/80 52.45 537.5
-0.67 503.6 -337.4
12/09/80 26.81 469.6
-0.13 351.3 -45.7
01/22/81 23.59 233.0
0.56 309.3 173.2
02/18/81 41.37 385.6
-0 . 2 0 376.2 -75.2
03/25/81 33.81 366.8
0.76 354.7 269.6
04/11/81 72.34 342.6
0.13 530.4 69.0
04/28/81 82.39 718.2
0.74 750.8 555.6
05/11/81* (172.29) (783.3)
0.27 815.9 220.3
05/26/81 225.72 848.4
0.97 1363.4 1322.5
06/10/81 592.93 1878.4
RESULTS
10/31/80 - 06/10/81 03/25/81 - 06/10/81
P = 23.3 g*10m-2 •222d - 1 P = 24.4 g •10m-2 •77d
Wo W£ = mean weight at end of time interval
G = In ---
W-l W-^  = mean weight at beginning of time interval
* No samples were taken on this date. In order to maintain approx­
imately equal time intervals for calculations between 03/25/81 and 
06/10/81 the values in parentheses were estimated from Figure 9.
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APPENDIX IV A. Secondary production data for Xanthidae
Size-frequency Method: Seagrass stations
(mm)
3 1 1 - 1 2  13-14 15-16
Size Class
1 - 2 3-4 5-6 7-8 9-l(
Date
10/31/80
GS 2 7 1 2
GM 46 15 4 4
GD 1 2 6 3 1
11/08/80
GS 1 15 6 4
GM 1 2 1 1 1 8 3
GD - - - no data
11/22/80
GS 1 3 1 1
GM 2 14 1 2
GD 1 3 1
12/09/80
GS 1 27 15 4 2
GM 3 26 14 4 1
GD 7 2 1
01/22/81
GS 1 1 5 3
GM 2 1 1 7 2
GD 4 1
02/18/81
GS 19 6 2
GM 24 9 3
GD 1 0 3 5
03/25/81
GS 1 9 5
GM 2 52 30 7 1
GD - - - no data
04/11/81
GS 2 1 1
GM 4 19 1 1 6
GD 2 3 1 1
04/28/81
GS 3 1 2
GM 5 9 2
GD 3 2
05/26/81
GS 2 1 2
GM 2 5 2
GD 6 9 7
06/10/81
GS 1
GM 1
GD 9 3 1
Total 2 1 334 199 90 36
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APPENDIX IV B. Secondary production data for Xanthidae 
Size-frequency Method: Sand stations combined
Date
Size Class (mm)
1-2 3-4 5-6 7-8
10/31/80
11/08/80
11/22/80
12/09/80 1
01/22/81 6 2
02/18/81
03/25/81 1
04/11/81
04/28/81
05/26/81
06/10/81 - no_data_
Total 1 7  3
96
APPENDIX V A. Secondary production data for Palaemonetes spp.
Size-frequency Method: Seagrass stations
Size Class (ran)
2 3 4 5-i
Date
10/31/80
GS 26 17 29 1
GM 3 84 123 44
GD 1 19 32 14
11/08/80
GS 6 47 2 2 8
GM 2 47 72 2 2
GD - -no data- -
11/22/80
GS 6 7
GM 3 36 19 1
GD 9 7 1
12/09/80
GS 1 6
GM 5 72 32 5
GD
01/22/81
GS 1
GM 2 3
GD 1 3
02/18/81
GS 1 2
GM 1 4
GD 1
03/25/81
GS
GM 1 1 1 2
GD - -no data- -
04/11/81
GS
GM 3 1 2 31 13
GD 1 4
04/28/81
GS 5
GM 15 59 46
GD 3 7 2 0
05/26/81
GS 5 13 23
GM 5 39 2 1
GD 5 41 74
06/10/81
GS 5 14
GM 7 15
GD 3 2 0 26
Total 52 396 591 350
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APPENDIX V B. Secondary production data for Palaemonetes spp.
Size-frequency Method: Sand stations combined
Size Class (mm)
2 3 4 5-8
Date
10/31/80 1 1 1
11/08/80 2
11/22/80 1
12/09/80 
01/22/81 
02/18/81 
03/25/81
04/11/81 3
04/28/81
05/26/81
06/10/81 - -no data-
Total 1 4  2
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APPENDIX VI A. Secondary production data for Crangon septemspinosa
Size-frequency Method: Seagrass stations
Size Class (mm)
2 3 4 5 6 7 8
Date
10/31/80
GS 3 4 3 1 1
GM 6 13 3 5
GD 3 8 3 6 2 2
11/08/80
GS 1 2 2 4 4 1
GM 2 7 3 1
GD - - - no data
11/22/80
GS 1 3 2 1
GM 3 3 2 1
GD 3 1 0 4 1
12/09/80
GS 2
GM
GD 1 1
01/22/81
GS 2 3 i
GM 2 4
GD 3
02/18/81
GS 1 2
GM 1
GD 2 3 1 5
03/25/81
GS 2 9 3 3
GM 2 1 1
GD - - - no data -
04/11/81
GS 1 5 1
GM 5 1 2
GD 1
04/28/81
GS 3 1 2 2 1
GM 1 3 1
GD 6 1 3
05/26/81
GS 8 15 4 1
GM 24 47 7 3
GD 1 7 5
06/10/81
GS 1 15 6
GM 1 0 28 8
GD 7 24 1 1
Total 53 169 95 69 45 2 1 15
1 0
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APPENDIX VI B. Secondary production data for Crangon septemspinosa
Size Class (mm)
2 3 4 5 6 7 8 9 1 0
Date
10/31/80 1 1
11/08/80 1 1 1
11/22/80 2 5 3 1 1
12/09/80 1 3 1 1
01/22/81 1 1 2 1 1
02/18/81 1 1
03/25/81 4 8 3 5 1
04/11/81 2 1 2
04/28/81 1 1 2 2
05/26/81 2 2 2 1 1
06/10/81 - - - - no data - - - -
Total 5 9 1 1 17 14 4 8 3 2
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